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Introduction {#sec007}
============

Improving health system value and efficiency are top policy issues around the globe \[[@pone.0149179.ref001], [@pone.0149179.ref002]\]. Moreover, there is a widely accepted recognition that growth patterns of total health system costs are unsustainable, particularly with demographic challenges of an aging population. There is a pertinent need to arrest total health care spending while also providing person-centred and value-based care \[[@pone.0149179.ref002], [@pone.0149179.ref003]\]. It has been well reported across numerous jurisdictions and over time that health care spending is skewed, with a minority of the population driving health care costs \[[@pone.0149179.ref004]--[@pone.0149179.ref009]\]. Previous work has shown 1% of the population in the United States accounted for 20% of the total system costs \[[@pone.0149179.ref006], [@pone.0149179.ref009]\] and the top 5% accounted for approximately 50% of total expenditures. Similar findings have been reported in the United Kingdom \[[@pone.0149179.ref010]\], Australia \[[@pone.0149179.ref007]\], and Canada \[[@pone.0149179.ref005], [@pone.0149179.ref011]--[@pone.0149179.ref015]\].

Healthcare payers have traditionally focused on payments to providers within specific sectors such as acute, physician, pharmacy and other providers. Recently, there are renewed efforts to draw attention away from sector specific costs and focus on the characteristics of individuals who are the drivers of healthcare spending, such as profiling by patient, physician, and health care market characteristics \[[@pone.0149179.ref016]--[@pone.0149179.ref019]\]. Understanding costs from the perspective of individuals who consume a large proportion of cost is important in order to inform and target improvements in efficiency, effectiveness and enhanced quality of care for targeted groups \[[@pone.0149179.ref020], [@pone.0149179.ref021]\]. Conway and colleagues made advancements in this area by categorizing health expenditures in the United States into patient-centred categories \[[@pone.0149179.ref022]\]. In this study, Conway and colleagues identified that the majority of health spending was related to chronic conditions followed by acute illness, trauma/poisoning, dental, preventive health and pregnancy \[[@pone.0149179.ref022]\]. While Conway's work advances the field in understanding categories of high-cost users \[[@pone.0149179.ref022]\], the analysis did not track individual patients over time through interactions with different health care sectors across the continuum of care. Moreover, there still remains a gap in understanding the characteristics of persons with high needs and the underlying factors that may be driving costs along the continuum of care.

Importantly, better understanding of patient profiles enables interventions and policies to be more strategically targeted \[[@pone.0149179.ref022]\]. Given rising health care costs, it is becoming increasingly important to provide efficient value-based health care that is needs driven to specific populations and individual episodes across the continuum of care \[[@pone.0149179.ref002], [@pone.0149179.ref003], [@pone.0149179.ref023]\]. Targeting improvement interventions to modifiable factors among high-cost populations is an obvious approach but necessitates characterizing high-cost populations and matching interventions to applicable populations. Expanding cost methodology and tracking care through episodes across the continuum of care and over time supports such intervention implementation and policy planning \[[@pone.0149179.ref022], [@pone.0149179.ref024]\], particularly for persons in the top 5% of health care expenditures.

The purpose of this study is to understand the main clinical groupings for which individuals have intensive interactions with the health care system that incur high-costs, and to examine the utility of person-centred episodes of care (PCE) amongst these individuals. Specifically, we developed and used PCE for individuals in the top fifth percentile of health spending to describe the main causes for expenditures; and (2) to describe costs related to specific episodes overall and by health sector (e.g., emergency department, hospitalizations, home care, physician billings).

Materials and Methods {#sec008}
=====================

Design {#sec009}
------

This is a retrospective cohort study.

Setting {#sec010}
-------

The province of Ontario is located in central Canada and is the most populous province with over 13 million residents, representing 40% of the Canadian population \[[@pone.0149179.ref025]\]. Ontario has a universal public health care system, the Ontario Health Insurance Plan (OHIP), which is paid for by the Ontario Ministry of Health and Long-Term Care (MOHLTC) from general taxation revenues. The MOHLTC pays for all medically necessary physician and hospital-based care (free at the point of care), as well as home care and long-term care services. For persons aged 65 or over, those supported by provincial social assistance payments, and/or those with relatively high drug costs, the MOHLTC provides pharmaceutical coverage subject to an income tested nominal dispensing fee co-payment. Long-term care residents pay for the cost of room and board based on a ministry regulated co-payment structure \[[@pone.0149179.ref026]\], otherwise the public system provides cost-free care at the point of service. Residents pay privately for dental care, eye care, outpatient rehabilitation (e.g., chiropractic, physiotherapy, naturopathic), and other services.

Data Sources {#sec011}
------------

All publicly funded health care encounters are captured in health administrative databases collected and stored by the Canadian Institute for Health Information (CIHI) and the MOHLTC. The cohort for this study was derived from the Registered Persons Database, which contains basic demographic and vital statistics information on all persons who are eligible for provincial health insurance. Data from sectors along the continuum of publicly funded care were linked to the base cohort over time and included: hospital records from acute care (inpatient acute, designated inpatient mental health care, and same day surgery); emergency department; inpatient rehabilitation; inpatient complex-continuing care; residential long-term care; physician billings; and outpatient drug prescriptions for eligible individuals (aged 65 years or over, supported by provincial social assistance payments, and/or those with relatively high drug costs). Ontario's health administrative data has been shown to be both valid and reliable \[[@pone.0149179.ref027]\]. These data sources were linked to individuals using unique encoded identifiers and analyzed at the Institute for Clinical Evaluative Sciences (ICES, Toronto, Ontario). Patient records were anonymized and de-identified prior to analysis. Approval to complete this study was granted by the Sunnybrook Health Sciences Centre Research Ethics Board.

Population {#sec012}
----------

We identified more than 13 million individuals with Ontario health insurance coverage as of April 1, 2010 (or newborns/immigrants between April 1, 2010 to March 31, 2011), who had at least one interaction with the Ontario health care system within the prior 5 years, and were alive at the index date of April 1, 2010.

Health care costs {#sec013}
-----------------

Health care costs were estimated on publicly-funded health care coverage. Cumulative publicly funded health care system costs were calculated using an established costing methodology at ICES, which allocates costs to various health care system encounters at the individual level over time \[[@pone.0149179.ref014], [@pone.0149179.ref015], [@pone.0149179.ref026]\]. Resource utilization intensity within Canadian acute hospitals is measured with Resource Intensity Weights (RIWs). RIWs are assigned to each acute hospital encounter and reflect the average amount of hospital resources (e.g., administration, staff, supplies, drugs, technology, and equipment). RIWs are multiplied by a cost per weighted case to estimate the total cost for a specific encounter within acute care admission. Ontario has adopted CIHI's RIW methodology for acute care, emergency department, same day surgery, inpatient rehabilitation, inpatient complex-continuing care, residential long-term care, and designated inpatient mental health care. Admissions to inpatient rehabilitation, inpatient mental health, and inpatient complex-continuing care have appropriate weights applied for the specific type of care setting. Cost for long-term care is measured by fixed per diem costs based on government payment rates. Physician costs are captured by claims submitted to the OHIP directly by physicians in private practice. Primary care physicians are also remunerated with capitation payments based on the payment rate and the particular model of primary care for each patient's physician in each month of the study period. Drug costs capture all costs for prescription drugs dispensed in outpatient pharmacies to individuals eligible for publicly funded drug coverage (Ontario Drug Benefit program). Home care costs are allocated to individuals for each visit according to the type of service; case management and administration costs are allocated on a per-case basis. Amounts reimbursed to individuals for assistive devices are captured through the Assistive Device Program database.

For the period from April 1, 2010 to March 31, 2011, we totaled costs for all publicly funded health system encounters at the individual-person level (see [Fig 1](#pone.0149179.g001){ref-type="fig"}). These encounters included acute care, emergency department, same day surgery, inpatient rehabilitation, inpatient complex continuing care, residential long-term care, outpatient Ontario Drug Benefit medications, physician services, home care services and assistive device program reimbursements. These costs were calculated and summed for all health sectors using the validated algorithms at ICES as described above \[[@pone.0149179.ref014], [@pone.0149179.ref015], [@pone.0149179.ref026]\]. Only individuals with the highest fifth percentile of expenditures (greater than \$8,522 total annual costs in 2010 Canadian dollars) and who were living in the community on April 1, 2010 were included in this study population of high-cost users (n = 587,982).

![Identification of high cost health users originating in the community and creation of person-centred episodes of care (PCE), April 1, 2010 to March 31, 2011.](pone.0149179.g001){#pone.0149179.g001}

Person-centred episodes of care {#sec014}
-------------------------------

In general, institutional care is a primary driver of spending among high-cost individuals \[[@pone.0149179.ref022]\]. Therefore, we sought to use episodes of care that began with an initial acute hospital setting (inpatient acute care, same-day surgery, emergency department, or designated inpatient mental health care) and included subsequent care until the individual had returned to the community and was stabilized for 30 days without any institutional admissions. We adopted the 30 day window as this is a common threshold for determining quality payment bundles and for examining quality of care such as readmissions \[[@pone.0149179.ref028], [@pone.0149179.ref029]\]. We refer to these individualized episodes as PCE.

Creation of episodes {#sec015}
--------------------

To create the PCE, we tracked all health care encounters for each individual sequentially from April 1, 2010 to March 31, 2011. PCE were determined to begin with an admission to an acute hospital setting (inpatient acute care, same-day surgery or emergency department) or a designated inpatient mental health institution. We followed individuals forward in time for 30 days from the date of discharge for this initial service use to see if there were any subsequent institutional care admissions, transfers or readmissions. If there was a subsequent institutional admission of any sort (including inpatient acute, designated inpatient mental health, emergency department, inpatient rehabilitation, and inpatient complex-continuing care or residential long-term care), the PCE continued and a new 30 day window was examined from the discharge date of this subsequent admission. The PCE ended after individuals returned to the community with no further institutional care within the 30 days window. All care in the community (home care, physician visits, pharmacy claims) within 30 days of discharge from the final institution was included in PCE costs. Individuals were eligible to have more than one episode of care within the study period. Costs for care prior to the PCE start date and/or 30 days after the PCE end date were not included in episode costs. [Fig 1](#pone.0149179.g001){ref-type="fig"} illustrates the creation of the cohort and the relevant time windows for the PCE.

Clinical classification of episodes {#sec016}
-----------------------------------

For each PCE, we classified the main cause for admission based on the most responsible clinical diagnosis (MRD, with exceptions for some categories indicated below) and type of admission (medical or surgical and urgent or planned/elective) during the initial hospitalization (see [S1 Fig](#pone.0149179.s001){ref-type="supplementary-material"} for more details and exceptions). Guided by Conway's previous work \[[@pone.0149179.ref022]\], the following hierarchy of mutually exclusive person-centered categories were created:

\(1\) Pregnancy; (2) Low Birth Weight, Other Perinatal and Congenital Conditions; (3) Post-Admission Events (irrespective of the MRD); (4) Trauma, Accidents, Injuries and Poisonings (irrespective of the MRD); (5) Mental Illness and Addictions; (6) Ambulatory Care Sensitive Conditions; (7) Cancer; (8) Acute Planned Surgical; (9) Acute Planned Medical; (10) Acute Unplanned Surgical; (11) Acute Unplanned Medical; (12) Other Causes. The exception to the MRD-rule was assignment to the Post-Admission Event category which was made before assignment to other categories if the patient had any post-admission diagnosis (e.g., complications of devices, procedures) coded on their initial acute admission record (Post-Admission Events were not assessed for Pregnancy and Low Birth Weight, Other Perinatal and Congenital Conditions as they were identified prior to this category in the hierarchy). Trauma, Accidents, Injuries and Poisonings included any of the diagnosis codes that were selected for this category (see [S1 Fig](#pone.0149179.s001){ref-type="supplementary-material"} for more details). Otherwise individuals were categorized based on the MRD or whether they were admitted for surgical procedures. We considered additional sub-classifications for high frequency diagnoses within medical and surgical categories. Cancer was the only diagnosis group with sufficient numbers (\>2%) to warrant a disease-specific category. Admissions to inpatient mental health facilities in Ontario were classified in the Mental Illness and Addictions category. Ambulatory visits for outpatient oncology treatments were allocated to the Cancer category during the episode of care.

Expenditures for episodes {#sec017}
-------------------------

Total expenditures were calculated for each PCE based on all utilization from the index admission date until the end of the episode. All costs from all sectors within the episode (from initial admission through to 30 day follow up period) were attributed to each PCE. Episode-specific costs were compared to total costs for each individual during the study period. All costs are reported in 2010 Canadian dollars.

Characteristics of high-cost users {#sec018}
----------------------------------

For each individual, we described age, sex, rurality, main primary care setting, usual provider of ambulatory care index, morbidity burden, number of different drugs for those eligible to receive coverage under the Ontario Drug Benefit plan, history of palliative care service use, and death during the study period. Rurality was determined by the Rurality Index of Ontario (RIO), which is a scaled index based on population factors and distance (ranges 0--100), and communities where higher values (cut point ≥ 40) are considered rural \[[@pone.0149179.ref030]\]. In Ontario, primary care services are organized around different models of care (Family Health Teams, Capitation and Fee for Service) and these models have been shown to serve different patient populations and outcomes \[[@pone.0149179.ref031], [@pone.0149179.ref032]\]. The main primary care setting, as of the study start date (April 1, 2010), assessed whether the patient was rostered to a team-based care model (Family Health Team, which provides care most closely approximating a patient-centred medical home), or whether their physician was paid primarily on a capitation or fee-for-service basis \[[@pone.0149179.ref031], [@pone.0149179.ref032]\].

The Ambulatory Usual Provider of Care (UPC) index determines the proportion of all ambulatory care visits in the two years prior to the study year to the most highly visited provider (ambulatory visits were defined as a subset of physician visits by location in the OHIP database, e.g., office, home, phone). A two-year look back was used to determine the Ambulatory UPC index, and calculated for individuals with at least three physician visits in the two year period. A threshold of 75% of visits with the same physician was used to indicate high continuity \[[@pone.0149179.ref033]\].

In order to determine morbidity burden, we used the John Hopkins Aggregated Diagnosis Groups (ADGs) scores, which are calculated using the Johns Hopkins University Adjusted Clinical Group (ACG) system \[[@pone.0149179.ref034]\]. In using ADGs, individuals were assigned to one of 32 different groups based on their utilization of physician and hospital services over the two years prior to index date. The total number of ADGs identified for each individual provides a measure of the number of co-occurring morbidities based on grouping diagnosis codes by severity and likelihood of persistence \[[@pone.0149179.ref034]\]. Applying ADGs with administrative health data for an Ontario population has been previously validated at ICES \[[@pone.0149179.ref035]\].

Using the Ontario Drugs Benefit Claims database, the number of different drugs dispensed to eligible persons was identified for the year prior to the study index date (April 1, 2009 to March 31, 2010). Palliative care was identified based on any physician billing or treatment in an acute hospital for palliative care during the study period. Deaths were captured by a recorded death between April 1st, 2010 and March 31st, 2011 from the Ontario Registrar General Death database or the Registered Persons Database.

Statistical analyses {#sec019}
--------------------

While the focus of this research was to examine costs associated with PCE, descriptive statistics were used to summarize patterns in demographic and clinical characteristics among high-cost users and to outline the frequency of the main causes for the PCE. Distributions of expenditures within and across episodes of care were characterized by means (standard deviations) and medians (interquartile ranges). The proportion of total costs for attributed to PCE was examined.

Results {#sec020}
=======

Characteristics of high-cost users {#sec021}
----------------------------------

[Table 1](#pone.0149179.t001){ref-type="table"} summarizes the characteristics of the top fifth percentile of high-cost health system users residing in the community at index date (n = 587,982). Slightly less than half of the cohort was younger than 65 years of age (47.9%). There were slightly more females (53.5%), and the majority of high-cost users lived in an urban environment (89.5%). The majority of these individuals received primary care in a Fee for Service model (59.0%) while 21.4% were primarily in a Capitation model and 17.9% were enrolled in a Family Health Team. Additionally, the majority of the cohort had a low continuity of ambulatory care, as 77.7% had less than 0.75 on the UPC index.

10.1371/journal.pone.0149179.t001

###### Socio-demographic and clinical characteristics of individuals originating in the community among high-cost health system users, April 1, 2010.
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  Characteristics                                                                   Category                         Number of Individuals with Community Origin (n = 587,982)
  --------------------------------------------------------------------------------- -------------------------------- -----------------------------------------------------------
  **Age Group**                                                                     0 to 17                          28,070 (4.8%)
                                                                                    18 to 44                         89,232 (15.2%)
                                                                                    45 to 64                         164,182 (27.9%)
                                                                                    65--84                           239,453 (40.7%)
                                                                                    85+                              67,045 (11.4%)
  **Sex**                                                                           Female                           314,550 (53.5%)
                                                                                    Male                             273,432 (46.5%)
  **Rurality Index of Ontario**                                                     Urban (0--39)                    526,441 (89.5%)
                                                                                    Rural (≥40)                      55,785 (9.5%)
                                                                                    Missing                          5756 (1.0%)
  **Primary Care**                                                                  Family Health Team               111,375 (17.9%)
                                                                                    Primarily Fee for Service        346,908 (59.0%)
                                                                                    Primarily Capitation             125,935(21.4%)
                                                                                    Other                            9,754 (1.6%)
  **Usual Provider of Ambulatory**                                                  No health system contact         33,640 (5.7%)
  **Care Index**                                                                    Low (\<0.75)                     456,845 (77.7%)
                                                                                    High (≥0.75)                     97,497 (16.6%)
  **Morbidity Burden[^a^](#t001fn001){ref-type="table-fn"}**                        No health system contact         14,197 (2.4%)
                                                                                    No chronic conditions (0 ADGs)   2,815 (0.5%)
                                                                                    Few conditions (1--7 ADGs)       227,298 (38.7%)
                                                                                    Many conditions (≥8 ADGs)        343,672 (58.5%)
  **Eligible for Ontario Drug Benefit Coverage in Year Prior**                      Not eligible                     281,484 (47.9%)
  **Eligible**                                                                      306,498 (52.1%)                  
  **\# of Different Drug Therapies Dispensed in Year Prior for Persons Eligible**   0                                8,239 (2.7%)
  1 to 5                                                                            54,573 (17.8%)                   
  6 to 9                                                                            76,085 (24.8%)                   
  10 to 19                                                                          135,226 (44.1%)                  
  20 +                                                                              32,375 (10.6%)                   
  **Received Palliative Care During the Year**                                      Yes                              68,996 (11.7%)
  **Died During the Year**                                                          Yes                              52,999 (9.0%)

^a^ADG = Aggregated Diagnosis Group.

Individuals had significant morbidity burden, as 58.5% of the cohort had eight or more distinct comorbid conditions as per the ADGs, and less than 1% of the cases were identified with no pre-existing comorbid condition. Further, a substantial proportion of individuals who received Ontario Drug Benefit were prescribed multiple concurrent drug therapies, as 54.7% were prescribed 10+ different drugs. A total of 68,996 persons (11.7%) received palliative care during the year and 9.0% of individuals died. One-year expenditures for health services for the top fifth percentile of high-cost users originating in the community totaled \$17,203 million.

Clinical grouping of person-centred episodes of care {#sec022}
----------------------------------------------------

A total of 697,059 PCE were identified among individuals in the cohort, and 82.6% of individuals had at least one PCE. [Table 2](#pone.0149179.t002){ref-type="table"} shows the main clinical groupings associated with the initiation of a PCE and the distribution of costs across groupings. Acute Planned Surgical (35.2%, n = 245,329 episodes), Acute Unplanned Medical (21.0%, 146,079 episodes), and Post-Admission Events (10.8%, n = 75,126 episodes) were the most common PCE clinical groupings. Post-Admission Events accounted for the largest proportion of PCE-related expenditures (23.1%; median cost per episode \$20,687; IQR = \$12,207-\$39,579), followed by Acute Unplanned Medical (21.1%; median cost per episode \$9,505, IQR = \$6,373-\$17,981) and then Acute Planned Surgical (16.0%; median cost per episode \$3,865; IQR = \$1,712-\$10,919). It is also noteworthy that, due to high individual costs, Trauma, Accidents, Injuries and Poisonings, and Mental Illness and Addictions accounted for 10.1% and 10.8% of overall costs associated with PCE but only 5.9% and 3.9% of total PCE.

10.1371/journal.pone.0149179.t002

###### Distribution of person-centred episodes of care (PCE) and related costs among high-cost health system users originating in the community by clinical grouping, April 1, 2010 to March 31, 2011.
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  Clinical Groupings for PCE, Ordered Based on Total Costs[\*](#t002fn001){ref-type="table-fn"}   Number of PCE (%)   Average Cost per PCE \$ (SD)   Median Cost per PCE \$ (IQR)   Total Costs for PCE
  ----------------------------------------------------------------------------------------------- ------------------- ------------------------------ ------------------------------ ---------------------
                                                                                                                                                                                    \$Millions (%)
  ***All PCE***                                                                                   **697,059 (100)**   **30,961 (38,069)**            **18,251 (12,160--33,978)**    **11,815.3 (100)**
  ***Post-Admission Events***                                                                     75,126 (10.8)       36,303 (52,279)                20,687 (12,207--39,579)        2,727.3 (23.1)
  ***Acute Unplanned Medical***                                                                   146,079 (21.0)      17,057 (23,515)                9,505 (6,373--17,981)          2,491.6 (21.1)
  ***Acute Planned Surgical***                                                                    245,329 (35.2)      7,717 (12,291)                 3,865 (1,712--10,919)          1,893.3 (16.0)
  ***Mental Illness & Addictions***                                                               41,327 (5.9)        30,948 (44,262)                17,224 (10,325--32,126)        1,279.0 (10.8)
  ***Trauma*, *Accidents*, *Injuries*, *Poisonings***                                             44,326 (6.4)        26,971 (34,807)                15,753 (8,947--31,731)         1,195.5 (10.1)
  ***Cancer***                                                                                    51,825 (7.4)        13,521 (18,500)                9,073 (4,113--15,298)          700.7 (5.9)
  ***Acute Unplanned Surgical***                                                                  28,574 (4.1)        18,676 (22,155)                13,647 (8,900--19,356)         533.6 (4.5)
  ***Ambulatory Care Sensitive Conditions***                                                      26,911 (3.9)        14,719 (20,987)                8,416 (6,022--14,750)          396.1 (3.4)
  ***Low Birth Weight***                                                                          10,714 (1.5)        27,491 (42,026)                15,492 (9,863--29,135)         294.5 (2.5)
  ***Pregnancy***                                                                                 18,095 (2.6)        8,095 (6,552)                  7,255 (5,243--8,974)           146.5 (1.2)
  ***Acute Planned Medical***                                                                     7,783 (1.1)         17,281 (25,539)                9,679 (5,759--18,839)          134.5 (1.1)
  ***Other Causes***                                                                              970 (0.1)           23,283 (33,368)                11,965 (4,912--26,509)         22.6 (0.2)

\*Clinical groupings for PCE were based on the first acute encounter that started the PCE.

PCE were determined to begin with an admission to an acute hospital setting (inpatient acute care, same-day surgery or emergency department) or inpatient mental health institutions.

We further investigated the most common specific conditions associated with each category of spending (full detail on the top 10 health conditions that comprise the clinical groupings can be found in [S2 Fig](#pone.0149179.s002){ref-type="supplementary-material"}). Interestingly, for the Post-Admission Events grouping, several of the conditions were related to complications with procedures (11.3%, n = 8,459 events) and complications with orthopedic devices (4.9%, n = 3,692 events).

Health service use and related costs during person-centred episodes of care {#sec023}
---------------------------------------------------------------------------

[Table 3](#pone.0149179.t003){ref-type="table"} shows the distribution of health services used during the PCE. Close to seventy-two percent of PCE included at least one inpatient acute care admission; 46.6% involved an emergency department visit; almost all included contact with a specialist physician; and 79.2% had at least one visit to a general practitioner. Within the PCE, inpatient acute care comprised the largest amount of total cost (\$6,882.5 million), followed by physician services (\$1,495.4 million) and designated inpatient mental health care (\$974.2 million).

10.1371/journal.pone.0149179.t003

###### Distribution of health services used within person-centred episodes of care (PCE) and related costs among high-cost health system users originating in the community, April 1, 2010 to March 31, 2011.
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  Type of Health Service in PCE                                           Distribution of Health Services within PCE   Distribution of Costs across PCE
  ----------------------------------------------------------------------- -------------------------------------------- ----------------------------------
  **Inpatient acute care, \$ total**                                                                                   **\$6,882,515,141**
  **Number of PCE with any inpatient acute care admissions, n (%)**       **500,388 (71.8%)**                          
      Total number of admissions within PCE                               644,523                                      
  Mean ± SD                                                               1.3 ± 0.7                                    \$11,705 ± 24,547
  **Same day surgery, \$ total**                                                                                       **\$337,743,142**
  **Number of PCE with any same day surgery visits, n (%)**               **233,140 (33.5%)**                          
      Total number of visits within PCE                                   277,518                                      
  Mean ± SD                                                               1.2 ± 1.0                                    \$574 ± 1,610
  **Emergency department, \$ total**                                                                                   **\$251,768,375**
  **Number of PCE with any emergency department visits, n (%)**           **324,559 (46.6%)**                          
      Total number of visits within PCE                                   564,691                                      
  Mean ± SD                                                               1.7 ± 2.7                                    \$428 ± 785
  **Inpatient mental health, \$ total**                                                                                **\$974,226,518**
  **Number of PCE with any inpatient mental health admissions, n (%)**    **35,719 (5.1%)**                            
      Total number of admissions                                          45,346                                       
  Mean ± SD                                                               **1.3 ± 0.8**                                \$1,657± 13,090
  **Inpatient rehabilitation, \$ total**                                                                               **\$434,607,526**
  **Number of PCE with any inpatient rehabilitation admissions, n (%)**   **27,167 (3.9%)**                            
      Total number of admissions                                          29,497                                       
  Mean ± SD                                                               1.1 ± 0.3                                    \$739 ± 5,196
  **Inpatient complex continuing care, \$ total**                                                                      **\$358,279,818**
  **Number of PCE with any complex continuing care admissions, n (%)**    **10,233 (1.5%)**                            
      Total number of admissions                                          12,721                                       
  Mean ± SD                                                               1.0 ± 0.2                                    \$609 ± 5,782
  **Residential long-term care, \$ total**                                                                             **\$187,939,677**
  **Number of PCE with any long-term care admissions n (%)**              **12,911 (1.9%)**                            
      Total number of admissions                                          16,041                                       
  Mean ± SD                                                               1.1 ± 0.4                                    \$320 ± 2,670
  **Physician services, \$ total**                                                                                     **\$1,495,380,763**
  **Number of PCE with any general practitioner visits n (%)**            **551,929 (79.2%)**                          
      Total number of visits                                              3,264,887                                    
  Mean ± SD                                                               5.9 ± 9.7                                    
  **Number of PCE with any specialist visits n (%)**                      **689,868 (99.0%)**                          
      Total number of visits                                              11,138,798                                   
  Mean ± SD                                                               16.1 ± 24.8                                  
  **Home care services, \$ total**                                                                                     **\$405,790,482**
  **Number of PCE with any home care visits n (%)**                       **211,786 (30.4%)**                          
      Total number of visits                                              3,519,786                                    
  Mean ± SD                                                               16.6 ± 26.7                                  \$690 ± 1,847

Proportion of expenditures for persons originating in the community accounted for by person-centred episodes of care {#sec024}
--------------------------------------------------------------------------------------------------------------------

Overall, 68.7% (\$11,815.3 million) of the total of health service costs for persons originating in the community (\$17,203 million) were accounted for by the PCE. Among the outstanding expenditures that were not allocated to PCE, there were 102,315 individuals that were not captured by the PCE, who accumulated total costs of \$2,165.9 million (14%). [Table 4](#pone.0149179.t004){ref-type="table"} shows the expenditures captured within the PCE and the remaining costs by type of health service use. Through our methodology, inpatient admissions were largely allocated to PCE: inpatient hospitalizations (acute care, same day surgery and designated inpatient mental health care) were completely allocated to PCE (100% allocated; \$8,194.5 million), inpatient rehabilitation (94.9% allocated; \$434.6 million) and inpatient complex continuing care (72%; \$358.3 million). The largest unallocated costs were related to drugs (86.2% unallocated; \$1,503.2 million, CAD), outpatient oncology (85.7% unallocated; \$517.7 million, CAD); outpatient dialysis care (83.7% unallocated; \$638.9 million, CAD), home care (71.8% unallocated; \$1,031.8 million, CAD), and physician and laboratory (39.6% unallocated; \$1,078.1 million, CAD).

10.1371/journal.pone.0149179.t004

###### Proportion of total one-year costs allocated to person-centred episodes of care (PCE) among high-cost health system users originating in the community, April 1, 2010 to March 31, 2011.
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  Type of health service                                                  Costs Allocated to PCE   Remaining Costs \$Millions   \% of Total Costs Allocated
  ----------------------------------------------------------------------- ------------------------ ---------------------------- -----------------------------
  **All Services**                                                        **\$11,815.3**           **\$5,387.7**                **68.7%**
  Emergency Department                                                    \$251.8                  \$192.3                      56.7%
  Inpatient Acute Hospitalizations[\*](#t004fn001){ref-type="table-fn"}   \$8,194.5                0                            100.0%
  Inpatient Non-acute Hospitalizations                                    \$0.0                    \$5.3                        0.0%
  Inpatient Rehabilitation                                                \$434.6                  \$23.1                       94.9%
  Inpatient Complex Continuing Care                                       \$358.3                  \$139.5                      72.0%
  Residential Long-term Care                                              \$187.9                  \$254.9                      42.4%
  Home Care Services                                                      \$406.0                  \$1,031.8                    28.2%
  Outpatient Dialysis                                                     \$124.3                  \$638.9                      16.3%
  Outpatient Oncology                                                     \$86.5                   \$517.7                      14.3%
  Physician Services and Laboratory                                       \$1,530.2                \$989.2                      60.4%
  Drugs                                                                   \$241.2                  \$1,503.2                    13.8%
  Assistive Devices                                                       \$0.3                    \$2.8                        9.0%

\* Inpatient Acute Hospitalizations also includes Same Day Surgery and Inpatient Mental Health.

Discussion {#sec025}
==========

Building on Conway's previous work \[[@pone.0149179.ref022]\], our method of developing PCE anchored on a first admission to an acute hospital setting represents an important approach to better understanding episodes of care. Firstly, by creating the PCE in this way, we were able to capture 68.7% of overall publicly funded expenditures for community-dwelling high-cost users. Secondly, while still relatively broad, our method proved to be useful in classifying events, as we had very few episodes in the Other Causes category (n = 970 episodes, 0.1%). This enhanced understanding of person-centred categories provides novel descriptive information for targeting service delivery and developing patient-focused funding models (e.g., funding that follows the patient rather than the sector) \[[@pone.0149179.ref020]\].

With the PCE methodology, we tried to establish meaningful categories reflecting the heterogeneity that exists amongst high-cost users. The clinical grouping categories identified from our PCE were most commonly Planned Surgical, Unplanned Medical and Post-Acute Admission Events. While the median cost per episode related to Planned Surgical Admissions was relatively low \$3,865 (IQR = \$1,712-\$10,919), the high volume of surgeries (n = 245,329) contributed to the high overall costs for this category. Conversely, Post-Acute Admission Events had a lower volume of events (n = 75,126) but had a much high median cost per episode (\$20,687; IQR = \$12,207-\$39,579). A large proportion of these Post-Acute Admission Events were related to post-orthopedic surgical complications.

The identification of PCE that are lower in volume, but have higher median cost per episode is also pertinent for health system stakeholders in order to contain potential increasing costs. Our results showed that episodes related to Trauma, Accidents, Injuries and Poisonings, and Mental Health and Addictions had substantial median costs per PCE. Our findings reinforce the value of expanding strategies for mental health, given the high median costs per episode (\$17,224, IQR = \$10,325-\$32,126) and the rising prevalence of mental health related diagnoses such as depression \[[@pone.0149179.ref036]\] and dementia \[[@pone.0149179.ref037]\]. Within the Trauma, Accidents, Injuries and Poisonings category, fracture of the femur was one of the top contributors to this category. With an aging population, and the risk for falls among senior \[[@pone.0149179.ref038]\], this is another noteworthy category where costs might increase substantially. Thus, minimizing the volume of these categories would be particularly important, as an increase in volume of these episodes would substantially increase the overall costs for these categories.

The creation of PCE for high-cost health system users based on common clinical groupings helps to address needs across the continuum of care \[[@pone.0149179.ref020]\]. Clearly, the needs of someone with more acute events such as Cancer, Pregnancy or Low Birth Weight, or Other Perinatal and Congenital Conditions will differ from an individual who is a high-cost user due to chronic conditions or complications from procedures. Focusing on categories that may be more modifiable and sensitive to targeted interventions would be a key next step for researchers and decision-makers. More recently, there have been some initiatives in characterizing the different type of archetypes of persons who are high users \[[@pone.0149179.ref039]\]. Vaillaincourt and colleagues classified the health-seeking behaviour and needs for person who are high users of the health system into four different categories- medical complexity/frailty, severe relapsing condition, convergence of medical/social behavioural issues, and diagnostic uncertainty \[[@pone.0149179.ref039]\]. Characterizing the needs within our PCE from the perspective of individuals, providers and system leaders would be an interesting next step in moving the high users research forward.

Limitations {#sec026}
-----------

There are several limitations to this study and provide an opportunity for future refinement of our PCE methodology. While we captured a large proportion of institution costs to PCE, costs in the community beyond the 30 day episode window were not well captured. The requirement for an acute admission and cut off window of 30 days post last institutional discharge had implications for certain categories that incur high-costs such as outpatient oncology and dialysis. Only 14.3% of outpatient oncology related treatment costs were captured within the PCE, leaving \$517.7 million costs unallocated. Similarly, for outpatient dialysis care we only allocated 16.3% of costs within episodes (\$638.9 million unallocated outside the episodes). Refinement of the methodology to capture costs for categories that may require ongoing care beyond the 30 day window, such as cancer and renal care should be developed. If we included all cancer and renal related care to PCE beyond the 30 day window, approximately 11% of the total costs would be captured (\$1,857.3 million). Drug costs were also not captured well within our episodes of care though these costs may be not be episodic in nature. Additionally, we only captured drug costs within and outside the episodes for persons who are eligible for Ontario Drug Benefits (those aged 65 or over, supported by provincial social assistance payments, and those with relatively high drug costs). With rising costs related to pharmaceutical costs in the community \[[@pone.0149179.ref040], [@pone.0149179.ref041]\], linking pharmaceutical costs to episodes is an important area for future work. This might include understanding new pharmaceutical treatments that are started during an episode of care. Further modification to the mental health and addictions category would be of value, as this category represents a heterogeneous population ranging from mood disorders to dementia. Separating dementia-related diagnoses from the mental health and addictions category would be useful to reflect the variation in care needs and targeted interventions.

Conclusion {#sec027}
==========

While these categories are relatively broad, the methods introduced here provide an approach to understand patient episodes of care and to relate these to patient characteristics and interactions across the continuum of care. These methods may be useful in setting the foundation for episode-related performance measurement and payment for high-cost patient groups. Refinement of this method has potential to facilitate service organization, care planning and payment for high-cost patients across all care providers.
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###### Main clinical groupings for person-centred episodes (PCE).
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###### Ten most prevalent conditions in each of the 12 defined person-centred categories.
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[^1]: **Competing Interests:**The authors have declared that no competing interests exist.

[^2]: Conceived and designed the experiments: SJTG SEB JG WPW. Performed the experiments: SJTG SEB JG WPW. Analyzed the data: SJTG SEB JG WPW. Contributed reagents/materials/analysis tools: SJTG SEB JG WPW. Wrote the paper: SJTG SEB JG WPW.
